Abstract. Approximately 15% of colorectal cancer (CRC) cases exhibit microsatellite instability (MSI), which appears to be associated with unique biological behavior. The present study presents a case of appendiceal carcinoma associated with MSI that responded well to adjuvant chemotherapy. Clinical, pathological and immunohistochemical (IHC) characteristics have been described. The 60-year-old male patient had suffered from recurrent lower abdominal pain associated with abdominal distention for 6 months; then, following an acute attack, he was subjected to laparoscopic appendectomy. The histopathological examination revealed moderately differentiated appendiceal adenocarcinoma with mucinous areas, without lymphovascular or perineural invasion. The IHC examination was positive for keratin-20 and caudal type homeobox 2, and negative for MutL Homolog 1, MutS Homolog (MSH) 2 and MSH-6. A postoperative colonoscopy revealed diverticulosis, without the presence of polyps or tumors. However, an abdominal axial computerized tomography scan revealed thickening of the distal portion of the appendix, increased density of the greater omentum, and metastases to the liver capsule, spleen and peritoneum. The treatment of choice was right hemicolectomy with peritoneal debulking, followed by 10 cycles of chemotherapy with 5-fluorouracil, leucovorin and oxaliplatin (FOLFOX regimen). After 5 years of follow-up, the patient remains in good condition, without clinical or radiological signs of recurrence. The good response to chemotherapy corresponds with the observations made in other colon cancers with MSI. Therefore, testing for MSI in appendiceal carcinomas may provide useful information on prognosis and predict response to chemotherapy.
Introduction
Microsatellite instability (MSI) is a type of genetic instability resulting from alterations in the DNA mismatch repair (MMR) system. The microsatellites are mono-, di-or trinucleotides, distributed in non-coding regions of the human genome. Approximately 15% of all colorectal adenocarcinomas (CRCs) display MSI, which occurs due to a germline mutation in one of the MMR genes, such as hMSH2 (2p16), hMSH6 (2p16), hPMS1 (2q31), hPMS2 (7p22) or TGFβRII, or to epigenetic silencing of hMLH1 (3p21). Of these mutations, the most common are those in the genes encoding the hMSH2 and hMLH1 proteins, whereas hypermethylation of MLH1 occurs in only 2-3% of CRCs (1) (2) (3) (4) (5) . CRC is the second cause of digestive tract cancer-related mortality. According to the International Classification of Disease (ICD-10, revised in 2009), primary epithelial neoplasms of the appendix are grouped within CRC. This type of cancer develops at the tip or base of the appendix, and has an incidence of 0.082%. The peak incidence of epithelial neoplasms is usually between 50 and 60 years of age, and their association with sex is controversial. The symptoms of appendiceal carcinoma tend to be subtle, particularly in the early stages (6) (7) (8) (9) (10) . Appendiceal tumors include adenomas, adenocarcinomas, mucinous neoplasms, undifferentiated carcinoma, small-cell carcinoma, and signet ring cell carcinoma (SRCC). Some classify cystadenocarcinomas and non-cystic tumors separately (11, 12) . Mucinous adenocarcinomas represent ~45% of all appendiceal tumors (13, 14) . The peritoneal spread of mucin allows such deposits to accumulate in particular areas, including the greater omentum, the undersurface of the right hemidiaphragm, the pelvic cavity and the right retrohepatic space. This redistribution is the result of tumor cell accumulation at the sites where ascitic fluid is reabsorbed in the abdomen. The selection of the surgical procedure depends on the type of appendiceal carcinoma, as well as the location and size of the tumor mass. The recommended treatment is right hemicolectomy followed by combined adjuvant intraperitoneal chemotherapy, supplemented by additional cycles of systemic chemotherapy (15) (16) (17) (18) . The reported 5-year survival for appendiceal carcinoma patients ranges between 20 and 60%, depending on the degree of invasion of parenchymal organs and/or regional lymph node metastases (19) (20) (21) . CRC with MSI has distinctive characteristics, including the tendency to arise in the proximal colon, as well as poor differentiation, extensive lymphocytic infiltration, presence of signet ring cells and abundant mucin.
Patients with MSI tumors appear to have a better prognosis compared with those with microsatellite stable tumors (22) ; however, the response to 5-fluorouracil (5-FU)-based chemotherapy regimens are poorer with MSI tumors (23, 24) . At present, little information is available regarding the prevalence of MSI in appendiceal adenocarcinoma.
Case report
A 62-year-old man consulted a private physician due to a 6-month history of diffuse abdominal pain (4/10 intensity) of the colic type, radiating toward the right iliac fossa, right testicle and thigh. The pain was associated with distension and accompanied by chills; there was no reported nausea, vomiting, fever, or changes in the evacuation pattern. Palpation of the abdominal region did not reveal any masses. One week after the clinical symptoms worsened, including pain intensification, an axial computerized tomography (CT) scan of the abdominal area was performed, revealing increased density of the greater omentum. An inflammatory process was ruled out at this stage. The results of routine laboratory analyses, including hematological and hepatic function tests, were normal. The measurement of carcinoembryonic antigen detected a level of <2.0 mcg/l (normal, 0-2.5 mcg/l) during the diagnosis, treatment and follow-up of the patient. Exploratory laparoscopy and appendectomy were performed, and the pathological examination of the surgical specimen revealed an uncommon appendicular lesion, namely tubulovillous adenocarcinoma.
The postoperative period was uneventful, with complete resolution of the abdominal pain. The patient was discharged from the hospital in a good condition. One week later, the patient was subjected to colonoscopy, which revealed no traces of suspicious lesions. Two months later, the patient was admitted to the Memorial Sloan-Kettering Cancer Center (MSKCC; New York, NY, USA) for a new evaluation and continuation of treatment. Based on the evaluation, it was recommended that the patient underwent debulking surgery. During the surgery, new lesions were identified in the peritoneum, as well as under the spleen, leading to a splenectomy and removal of the tail of the pancreas. In the immediate postoperative period, an abdominal CT scan revealed a pancreatic fistula, which was treated conventionally. Since the new investigations revealed a bifurcated pancreas, it was not possible to administer intraperitoneal chemotherapy. Nine months later, an adjuvant chemotherapy scheme was initiated, with FOLFOX-6 for 10 cycles.
Laboratory and imaging studies were performed initially every 4 months during the first 2 years, and every 6-8 months thereafter. After 5 years of follow-up, the patient remains asymptomatic with no signs of tumor activity, and attends follow-up visits every 12 months at the MSKCC.
Radiology report
Thorax. No signs of mediastinal adenopathy or pulmonary infiltration were observed. In the inferior lobe of the left lung, a 12.8-mm nodule of non-specific origin with well-defined borders was identified.
First CT scan of the abdomen and pelvis. Areas of high density were observed in the peritoneal fat, suggestive of secondary metastases. The liver parenchyma exhibited low-density round lesions, 3.5 mm in diameter, with cystic characteristics, located in segments VII and VI. Multiple diverticula were identified in the left and sigmoid colon.
Second CT scan of the abdomen and pelvis. An increase in density of the greater omentum was detected, along with free liquid adjacent to the descending colon and thickening of the distal portion of the cecal appendix.
Diagnostic methodology
Laparotomy. An appendectomy was performed, revealing an inflammatory appendix with a retrocecal location and turbid purulent liquid of inflammatory origin, along with omentitis.
Pathological examination. The appendix measured 6.1x0.9 cm and had a smooth external surface. Upon sectioning, A 2.5-cm mass was encountered in the distal third of the organ. The mass contained solid light-brown and microcystic components, the latter being filled with mucin ( Fig. 1A and B) .
Microscopic findings. The mucinous neoplasm was composed of benign tubular glands and papillary structures (90%), the latter projecting into the lumen. The glands and papillae were lined by a tall columnar epithelium, which exhibited nuclear pseudostratification with mild pleomorphism (Fig. 1C) .
Part of the neoplasm (10%) consisted of small, medium-sized, dilated and infiltrating glands that invaded the appendicular wall and reached the subserosa (Fig. 1D) . The invasive component was lying in a sclerotic stroma and was accompanied by hyperplastic lymphoid tissue (Fig. 1E) .
The peritoneum displayed extracellular mucin deposits, consistent with localized peritoneal adenomucinosis (Fig. 1F) . The diagnosis was moderately differentiated adenocarcinoma with mucinous areas, arising in a mucinous tubulopapillary adenoma. Selected sections were obtained and embedded in paraffin for IHC analysis. The following antibodies were used: Cytokeratin (CK) 20, CDX2, MLH-1, MSH-2 and MSH-6.
The intestinal phenotype of tubulopapillary adenoma and invasive adenocarcinoma was confirmed by positivity for CK20 and CDX2 (Fig. 1G) . The adenocarcinoma was negative for MLH-1, MSH-2 and MSH-6 (Fig. 1H) . The pattern correlates with a mismatch repair-deficient tumor or MSI-H.
Diagnosis. The following diagnosis was made for the patient: i) Moderately differentiated adenocarcinoma (10% of the tumor) with mucinous areas, infiltrating up to the subserosa (pT3), originating in a tubulovillous adenoma (90% of the tumor) of the distal third of the cecal appendix, with a largest diameter of 2.5 cm. ii) Peritoneal adenomucinosis located in the periappendicular region (1 focus). iii) Surgical border (appendicular and mesoappendix) free of tumor. iv) No lymphovascular or perineural invasion.
Materials and methods

IHC analysis.
IHC staining was applied to identify CDX-2, MLH-1, MSH-2 and MSH-6 expression. To prevent the non-specific binding of antibodies, the sections were blocked with bovine serum albumin (BSA) (Sigma-Aldrich Co., St. Louis, MO, USA) for 60 min. The slides were then incubated with the primary antibody overnight at 4˚C for the detection of anti-CDX-2 (AMT-28, sc-56818; dilution 1:25), anti-MLH-1 (N-20, sc-581; dilution 1:25), anti-MSH-2 (H-300, sc-22771; dilution 1:50) (Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-MSH-6 (HPA028446; dilution 1:100), and anti-CK-20 (SAB4502249; dilution 1:300) (Sigma-Aldrich), followed by incubation with the appropriate secondary antibody (Mouse/Rabbit-ImmunoDetector-HRP Cat. BSB0003-BioSB), at 1:200 dilution for 60 min at 37˚C. The sections were washed and stained with 3,3'-diaminobenzidine tetrahydrochloride (DAB) chromogen (Zymed ® /Invitrogen Inc., Carlsbad, CA, USA), and hematoxylin was used for nuclear counterstaining (MHS-1, Sigma-Aldrich). The sections were mounted with coverslips and synthetic mounting medium (Entellan; Merck, Darmstadt, Germany; OB046327). In each case, negative controls were included that lacked the primary antibody. Images were captured on a Nikon-Eclipse 80i microscope coupled to a Nikon digital sight camera (Melville, New York, NY, USA).
Discussion
Adenocarcinoma of the appendix is rare, constituting <1% of all CRCs. Appendiceal tumors may exhibit atypical clinical characteristics, representing a challenge for diagnosis and treatment. Appendiceal neoplasms are seldom detected before or during appendectomy, with <1.5% of the appendectomy specimens harboring primary appendiceal cancers upon examination (25) . CRC is divided into two general groups, having either genomic pathways or MSI pathways.
The first group comprises 75-80% of all CRCs, while the tumors with MSI constitute 15-20% of all cases. MSI, reflecting inactivation of the MMR genes, is present in nearly all cancers from individuals with hereditary non-polyposis colorectal cancer (HNPCC). The prevalence of MSI-H in appendiceal carcinomas, reported at 2.8%, is associated with germline mutations.
MSI is usually associated with poorly differentiated, mucin-producing tumors that are generated by epithelial cells, giving rise to peritoneal carcinomatosis. MSI linked to colorectal tumors is divided into two different phenotypes, denominated as high (MSI-H) and low (MSI-L). The tumors with MSI-H are more susceptible to treatment by chemotherapy, and are thus associated with better survival. However, MSI-L tumors are more resistant to adjuvant chemotherapy. Currently, the use of adjuvant chemotherapy is extrapolated from the beneficial effect of this treatment on colorectal cancer, although the validity of this extrapolation is uncertain. The largest cohort of appendiceal adenocarcinoma patients to date, which was recently reported, demonstrated that there was a relative protective effect for patients who received systemic chemotherapy compared with those who did not, applicable to both the mucinous and non-mucinous histological types (26) . Due to the low ERCC1 expression observed in appendiceal adenocarcinomas, platinum agents, such as cisplatin or oxaliplatin, may be combined with either 5-FU or gemcitabine. Data in the literature indicate that the most effective regimen following surgical resection of advanced (stage II and III) CRC is FOLFOX, comprising 5-FU, leucovorin and oxaliplatin. This triad reduces the risk of recurrence and improves survival. In the present report of a case of appendiceal carcinoma, the patient received FOLFOX for 6 months after recovering from a pancreatic fistula.
Over the last few years, new developments include intraoperative hyperthermic intraperitoneal chemotherapy (27) with mitomycin at 40˚C, and early postoperative intraperitoneal chemotherapy with 5-FU. These are considered to be effective adjuvant treatments for minimal residual disease after debulking. The long-term survival rate of patients undergoing complete debulking and having a low-grade tumor is 80%, whereas this rate is ~45% at 20 years in patients with high-grade tumors. In a small cohort of 40 patients with appendiceal mucinous neoplasms (AMNs) diagnosed between 2000 and 2011, where tissue microarrays were constructed from a representative block of the primary tumor, CDX2 single-staining revealed a sensitivity of 93% and a specificity of 56% for AMNs, whereas CK20 single-staining demonstrated a sensitivity of 98% and a specificity of 50% for AMNs (28) . CDX2 is both a sensitive and specific marker of intestinal differentiation, and it is overexpressed in CRC cells compared with normal intestinal epithelium; it is a potential marker of the effectiveness of surgical resection or other local treatment modalities (29, 30) .
Cytoreductive surgery is a new technique employing peritonectomy procedures to eradicate peritoneal carcinomatosis; judging by the absence of lymph node and other metastases, this treatment favorably affects the prognosis of survival for CRC patients. Systematic reviews of CRC prognosis have demonstrated that tumors exhibiting a MSI phenotype have a better prognosis compared with those with a microsatellite stable pattern. The improved prognosis in the hypermutated cases may be associated with a strong immune response to the tumor caused by the expression of neoantigens that cause an in situ lymphocytic reaction (31) . In the present case, MSI was determined by the absence of specific nuclear staining against three mismatch repair proteins (MLH1, MSH2 and MSH6). Tumors displaying this pattern are MSI-H, or mismatch repair-deficient. The predictive value of the MSI status to chemotherapy is important due to the variable response, particularly in cases with reported resistance to 5-FU (32) . In this report, the patient received 10 cycles of the standard adjuvant treatment (FOLFOX) after surgical resection, with a good response during the 5-year post-treatment clinical follow-up. Although more prospective studies are required to correlate the prognosis with response to adjuvant therapy in rare colon cancers, such as appendiceal carcinoma, we consider that the molecular characterization of the tumor, particularly the microsatellite pattern, may help with the selection of the therapeutic scheme.
